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INKJET HEAD 

INCORPORATION BY REFERENCE 
[0001] The present disclosure relates to the subject matter contained in Japanese 
Patent Application No. P2002-277396, filed on September 24, 2002, which is expressly 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 
[0002] The present invention relates to an inkjet head, and more particularly to an 
inkjet head provided with a piezoelectric sheet having driving electrodes formed thereon at 
high density. 

[0003] An inkjet head provided with a piezoelectric sheet is disclosed, for example, 
in Japanese patent application provisional publication HEI 1 1-34323. Fig. 1 A shows a 
sectional view of a part of the inkjet head disclosed in the above-mentioned publication. As 
shown in Fig. 1A, the inkjet head has a base plate 1010 in which a plurality of pressure 
chambers 1001 are formed. The inkjet head further has a conductive plate 1012, a 
piezoelectric layer 1003, and a plurality of driving electrodes 1002, which are laminated on 
the base plate 1010 in this order. The driving electrodes 1002 are formed on the piezoelectric 
layer 1003 at positions corresponding to respective pressure chambers 1001. 

[0004] In the above-identified inkjet head, driving voltage is applied between the 
driving electrodes 1002 and the conductive plate 1012 so that portions of the piezoelectric 
layer 1003, defined therebetween, deforms due to piezoelectric effect. The deformed portions 
of the piezoelectric layer 1003 apply pressure to ink filled in the pressure chambers 1001 to 
eject the ink from nozzles (not shown) of the inkjet head. 

[0005] Fig. IB is a top view of the driving electrode 1002 of the inkjet head shown 
in Fig. 1 A. The driving electrode 1002 has a body 1004 and an extended portion 1005. The 
body 1004 is formed slightly smaller than the pressure chamber 1001 and is located directly 
above the corresponding pressure chamber 1001. The end 1006 of the extended portion 1005 
is located outside the area above the pressure chamber 1001. The end 1006 of the extended 
portion 1005 serves as a contact portion that is to be connected with a power supply line for 
applying the driving voltage to the driving electrode 1002. 

[0006] Generally, a flexible printed board is connected to an inkjet head configured 
as above for applying driving voltage to each of the driving electrodes 1002. The flexible 
printed board includes a plurality of contact points arranged in a line in a vicinity of one edge 
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thereof. The flexible printed board is electrically connected with the inkjet head by 
connecting those contact points with the contact portions (ends 1006) of the driving 
electrodes 1002. Since the contact points are arranged in a line, the driving electrodes 1002 of 
the inkjet head are formed and arranged such that the contact portions (ends 1006) thereof are 
also arranged in a line in a vicinity of one edge of the piezoelectric layer 1003. 

[0007] This arrangement of the ends 1006, however, requires the extended portions 
1005 of the driving electrodes 1002 to be extended from the bodies 1004 thereof for 
significant lengths, which in turn restricts the density of the driving electrodes 1002 formed 
on the piezoelectric layer 1003, the density of the pressure chambers 1001 formed right below 
the driving electrodes 1002, and hence the printing resolution that the inkjet head can achieve. 

[0008] Therefore, there is a need for an inkjet head provided with a piezoelectric 
sheet having driving electrodes arranged on the piezoelectric sheet at high density. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides an inkjet head satisfying the above 
mentioned need. 

[0010] An inkjet head according to an aspect of the invention includes a cavity plate 
having a plurality of pressure chambers arranged in matrix, a piezoelectric sheet laminated on 
the cavity plate, and a power supply board. A plurality of driving electrodes are formed on the 
piezoelectric sheet at positions corresponding to the pressure chambers. 

[0011] A plurality of first contact lands extend from respective ones of the driving 
electrodes. Each of the first contact lands is located in a vicinity of the corresponding one of 
the driving electrodes. 

[0012] The power supply board has a plurality of second contact lands formed at 
positions corresponding to the first contact lands. Thus, the second contact lands can be 
connected with respective ones of the first contact lands for power supply although the first 
contact lands are formed in vicinities of the respective driving electrodes. 

[0013] Further, since the driving electrodes are formed at positions corresponding to 
the pressure chambers arranged in matrix, the driving electrodes, and hence the first contact 
lands thereof, are also arranged in matrix. Thus, the driving electrodes can be formed on the 
piezoelectric sheet at high density. 

[0013] Optionally, the first contact lands may be formed so as to protrude from the 
piezoelectric sheet. Alternatively or additionally, the second contact lands may be formed so 
as to protrude from the power supply board. The first contact lands and/or the second contact 
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lands formed as above create a clearance between the piezoelectric sheet and the power 
supply board attached thereon, and thereby prevent the power supply board from applying 
unexpected force on the driving electrodes. 

[0014] Optionally, each of the first contact lands may be formed in more than two 
tiers. For example, each of the first contact lands may be formed so as to include a first level 
portion higher than the driving electrode and a second level portion higher than the first level 
portion. The first level portion is formed between the second level portion and the driving 
electrode. 

[0015] In some cases, the first contact lands are formed out of areas of the 
piezoelectric sheet defined right above the pressure chambers, so that the mechanical 
connection between the first and second contact lands do not seriously affect the deforming 
properties of the piezoelectric sheet at portions right above respective pressure chambers. 

[0016] In some cases, each of the driving electrodes has a substantially rhombus 
form having a pair of acute angle corners and a pair of obtuse angle corners. The driving 
electrodes are arranged such that the acute angle corners of one driving electrode is located 
between the acute angle corners of other driving electrodes adjacent to that one driving 
electrode. 

[0017] In the above case, each of the first contact lands may be formed so as to 
extend from one of the acute angle corners of the driving electrode. More specifically, the 
driving electrodes may be arranged such that the first contact land extending from one driving 
electrode is placed between two driving electrodes adjacent to that one driving electrode. 

[0018] In some cases, the piezoelectric sheet has at least one positioning mark that 
assists in positioning of the power supply board on the piezoelectric sheet such that the 
plurality of first contact lands make contact with the plurality of second contact lands. 

[0019] Alternatively or additionally, the power supply board may have at least one 
positioning mark that assists in positioning of the power supply board on the piezoelectric 
sheet such that the plurality of first contact lands make contact with the plurality of second 
contact lands. 

[0020] An inkjet head according to another aspect of the invention includes a body 
having a plurality of pressure chambers arranged in matrix, a piezoelectric sheet attached on 
the body, a plurality of driving electrodes formed on the piezoelectric sheet at positions 
corresponding to the pressure chambers, a plurality of first contact lands extending from 
respective ones of the driving electrodes. Each of the first contact lands is located in a vicinity 
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that corresponds to one of the driving electrodes. These first contact lands are to be connected 
with respective ones of second contact lands of a printed board for power supply. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0021] The invention will be described with reference to the drawings, in which: 
[0022] Fig. 1 A shows a sectional view of a part of an inkjet head according to a 
prior art; 

[0023] Fig. IB is a top view of a driving electrode of the inkjet head shown in Fig. 

1A; 

[0024] Fig. 2 is an exploded perspective view of an inkjet head according to an 
embodiment of the invention; 

[0025] Fig. 3 is an exploded perspective view of a body of the inkjet head shown in 

Fig. 2; 

[0026] Fig. 4 is a plane view of a part of a nozzle plate of the inkjet head shown in 

Fig. 2; 

[0027] Fig. 5 is a plane view of a part of a cover plate of the inkjet head shown in 

Fig. 2; 

[0028] Fig. 6 shows a part of an under surface of the cover plate shown in Fig. 5; 
[0029] Figs. 7, 8 and 9 are plane views of parts of first, second and third manifold 
plates of the inkjet head shown in Fig. 2; 

[0030] Fig. 10 is a plane view of a part of a supply plate of the inkjet head shown in 

Fig. 2; 

[0031] Fig. 1 1 shows a top view of a filter portion of the supply plate shown in Fig. 

10; 

[0032] Fig. 12 shows a sectional view of a part of the supply plate including the 
filter portion shown in Fig. 1 1 ; 

[0033] Fig. 13 is a top view of an ink supply opening of the supply plate of the 
inkjet head shown in Fig. 2; 

[0034] Fig. 14 shows a top view of a part of an aperture plate of the inkjet head 
shown in Fig. 2; 

[0035] Fig. 15 is a top view of a restriction portion of the aperture plate shown in 

Fig. 14; 

[0036] Fig. 16 shows a top view of a part of a base plate of the inkjet head shown in 

Fig. 2; 
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[0037] Fig. 17 shows a top view of a part of a cavity plate of the inkjet head shown 
in Fig. 2; 

[0038] Fig. 18 shows a top view of a piezoelectric sheet of the inkjet head 2; 

[0039] Fig. 19 shows a top view of a driving electrode formed on the piezoelectric 
sheet shown in Fig. 18; 

[0040] Fig. 20 shows a sectional view of a part of the piezoelectric sheet taken 
along a line A- A of Fig. 19; 

[0041] Fig. 21 shows a sectional view of the piezoelectric sheet at a portion thereof 
including a first common electrode; 

[0042] Fig. 22 shows a sectional view of the piezoelectric sheet at a portion thereof 
including a second common electrode; 

[0043] Fig. 23 is a sectional view of the piezoelectric sheet at a portion thereof 
including a dummy electrode; 

[0044] Fig. 24 is a plane view of an extended portion of a flexible printed board 
(FPC board) of the inkjet head shown in Fig. 2; 

[0045] Fig. 25 is an enlarge view of a part of the extended portion of the FPC board 
shown in Fig. 24; 

[0046] Fig. 26 shows a sectional view of the FPC board at a portion thereof 
including a contact land; 

[0047] Fig. 27 a sectional view of the FPC board and the piezoelectric sheet at 
contact lands thereof connected to each other; 

[0048] Fig. 28 is a sectional view of a part of the inkj et head showing a part of an 
ink channel extending from one of the nozzles; 

[0049] Fig. 29 is a perspective view of the ink channel shown in Fig. 28; 

[0050] Fig. 30 is a plane view of the ink channel shown in Fig. 29 observed from 
the nozzle side; 

[0051] Figs. 31 is a top view of two manifold channels of the inkjet head shown in 

Fig. 2; 

[0052] Figs. 32 and 33 respectively show a top view of one of the manifold 
channels shown in Fig. 3 1 ; and 

[0053] Fig. 34 is a perspective view of a part of the manifold channel. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
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[0054] Hereinafter, an inkjet head according to an embodiment of the invention will 
be described with reference to the accompanied embodiment. 

[0055] Fig. 2 is an exploded perspective view of the inkjet head 1 according to the 
embodiment of the invention. The inkjet head 1 includes a body 2 and four trapezoidal plate 
type piezoelectric sheets 10 attached on the top face of the body 2. The inkjet head 1 further 
includes four flexible printed boards 50, which will be referred to hereinafter as FPC boards 
50. Each FPC board 50 has an extended portion 51, which is attached on the top face of the 
corresponding piezoelectric sheet 10 to be electrically connected with the piezoelectric sheet 
10. 

[0056] Fig. 3 is an exploded perspective view of the body 2 of the inkjet head 1 
shown in Fig. 2. The body 2 has a laminated structure composed of a plurality of substantially 
rectangular thin metal sheets. In the present embodiment, the body 2 is composed of nine 
metal sheets, which are a nozzle plate 100, a cover plate 200, first manifold plate 300, second 
manifold plate 400, third manifold plate 500, a supply plate 600, an aperture plate 700, a base 
plate 800, and a cavity plate 900. 

[0057] The nozzle plate 100 has four substantially trapezoidal areas 110 defined 
thereon. As shown in Fig. 4, each trapezoidal area 1 10 is provided with a plurality of fine 
diameter nozzles 111 for ejecting ink formed through the nozzle plate 100. The number and 
arrangement of the nozzles 111 are determined in accordance with a printing resolution 
required for the inkjet head 1 . 

[0058] Referring back to Fig. 3, a plurality of substantially trapezoidal areas 210 are 
defined on the top side of the cover plate 200. As shown in Fig. 5, each trapezoidal area 210 
is provided with a plurality of fine diameter through holes 211, which serve as ink channels. 
The through holes 211 are formed at positions corresponding to respective ones of the nozzles 
1 1 1 of the nozzle plate 100. Thus, when the cover plate 200 is laid on top of the nozzle plate 
100, fluid communication is established between each through hole 211 and the 
corresponding nozzle 111 (see Fig. 28). 

[0059] Fig. 6 shows a part of the under surface of the cover plate 200. The under 
surface of the cover plate 200 is provided with two grooves 212. Each groove 212 is formed 
lengthwise in the longitudinal direction of the cover plate 200. A plurality of land portions 
213 are defined within each groove 212, each of which also extends in the longitudinal 
direction of the cover plate 200. The through holes 211 are formed outside the grooves 212, 
along the peripheries thereof, and also within each land portion 213. 
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[0060] Fig. 7 shows a plane view of a part of the first manifold plate 300. The first 
manifold plate 300 is formed with a plurality of through holes 311, which serve as ink 
channels. The through holes 311 of the first manifold plate 300 are formed at positions 
corresponding to respective ones of the through holes 21 1 of the cover plate 200. Thus, the 
through holes 311 of the first manifold plate 300 establish fluid communication with the 
through holes 211 of the cover plate 200 when the first manifold plate 300 is laid on top of 
the cover plated 200 (see Fig. 28). 

[0061] Further, the first manifold plate 300 is provided with two openings 312 
formed through the first manifold plate 300 in the longitudinal direction. The openings 312 
constitute a part of a pair of manifold channels 20 which will be describe latter (see Fig. 28). 
Each opening 312 includes a plurality of elongated land portions 313. The land portions 313 
are supported by a plurality of connection beams 314, which are formed by half-etching from 
the underside of the first manifold plate 300. The thickness of each connection beam 314 is 
about one half of that of the first manifold plate 300. 

[0062] Note that the through holes 311 are formed along the outer peripheries of the 
openings 312 and on the land portions 3 1 3 . It should be also noted that a plurality of ink 
supply portions 315 are formed so as to extend from each of the openings 312. 

[0063] Fig. 8 is a plane view of a part of the second manifold plate 400. The second 
manifold plate 400 is formed with a plurality of through holes 41 1, which serve as ink 
channels. The through holes 41 1 of the second manifold plate 400 are formed at positions 
corresponding to respective ones of the through holes 31 1 of the first manifold plate 300. 
Thus, the through holes 411 of the second manifold plate 400 establish fluid communication 
with the through holes 31 1 of the first manifold plate 300 when the second manifold plate 400 
is laid on top of the first manifold plate 300 (see Fig. 28). 

[0064] Further, the second manifold plate 400 is provided with two openings 412 
formed through the second manifold plate 400 in the longitudinal direction. The openings 412 
constitute a part of the manifold channels 20 (see Fig. 28). The openings 412 of the second 
manifold plate 400 are formed at positions corresponding to the respective openings 312 of 
the first manifold plate 300. Thus, the openings 412 of the second manifold plate 400 
establish fluid communication with the openings 312 of the first manifold plate 300 when the 
second manifold plate 400 is laid on top of the first manifold plate 300 (see Fig. 28). 

[0065] Each opening 412 includes a plurality of elongated land portions 413. The 
land portions 313 are supported by a plurality of connection beams 414, which are formed by 



8 

half-etching from the upper side of the second manifold plate 400. The thickness of each 
connection beam 414 is about one half of that of the second manifold plate 400. 

[0066] Note that the through holes 41 1 are formed along the outer peripheries of the 
openings 412 and on the land portions 413. 

[0067] It should be also noted that a plurality of ink supply portions 415 are formed 
so as to extend from the openings 412 at positions corresponding to respective ones of the ink 
supply portions 315 of the first manifold plate 300. Thus, when the second manifold plate 400 
is laid on top of the first manifold plate 300, the ink supply portions 415 of the second 
manifold plate 400 are brought into fluid communication with the ink supply portions 415 of 
the second manifold plate 400 (see Fig. 28). 

[0068] Fig. 9 is a plane view of a part of the third manifold plate 500. The third 
manifold plate 500 is formed with a plurality of through holes 511, which serve as ink 
channels. The through holes 51 1 of the third manifold plate 500 are formed at positions 
corresponding to respective ones of the through holes 41 1 of the second manifold plate 400. 
Thus, the through holes 51 1 of the third manifold plate 500 is brought into fluid 
communication with the through holes 411 of the second manifold plate 400 when the third 
manifold plate 500 is laid on top of the second manifold plate 400 (see Fig. 28). 

[0069] Further, the third manifold plate 500 is provided with two openings 512 
formed through the third manifold plate 500 in the longitudinal direction. . The openings 512 
constitute a part of the manifold channels 20 (see Fig. 28). The openings 512 of the third 
manifold plate 500 are formed at positions corresponding to the respective openings 412 of 
the second manifold plate 400. Thus, the openings 512 of the third manifold plate 500 
establish fluid communication with the openings 412 of the second manifold plate 400 when 
the third manifold plate 500 is laid on top of the second manifold plate 400 (see Fig. 28). 

[0070] Each opening 512 includes a plurality of elongated land portions 513. The 
land portions 513 are supported by a plurality of connection beams 514, which are formed by 
half-etching from the upper side of the third manifold plate 500. The thickness of each 
connection beam 514 is about one half of that of the third manifold plate 500. 

[0071] Note that the through holes 511 are formed along the outer peripheries of the 
openings 512 and on the land portions 513. 

[0072] It should be also noted that a plurality of ink supply portions 515 are formed 
so as to extend from the openings 512 at positions corresponding to respective ones of the ink 
supply portions 415 of the second manifold plate 400. Thus, when the third manifold plate 
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500 are laid on top of the second manifold plate 400, the ink supply portions 515 of the third 
manifold plate 500 is brought into fluid communication with the ink supply portions 415 of 
the second manifold plate 400 (see Fig. 28). 

[0073] Referring back to Fig. 3, a plurality of substantially trapezoidal areas 610 are 
defined on the supply plate 600. As shown in Fig. 10, each trapezoidal area 610 is provided 
with a plurality of fine diameter through holes 611, which serve as ink channels, and a 
plurality of filter portions 612, which also serve as ink channels. 

[0074] The through holes 61 1 are formed at positions corresponding to the through 
holes 511 of the third manifold plate 500. Thus, the through holes 611 of the supply plate 600 
establish fluid communication with the through holes 511 of the third manifold plate 500 
when the supply plate 600 is laid on top of the third manifold plate 500 (see Fig. 28). 

[0075] The filter portions 612 of the supply plate 600 are formed so as to be brought 
into fluid communication with either of the two openings 512 when the supply plate 600 is 
laid on top of the third manifold plate 500 (see Fig. 28). 

[0076] Fig. 1 1 shows a top view of a filter portion 612 of the supply plate 600, and 
Fig. 12 shows a sectional view of a portion of the supply plate 600 including one of the filter 
portions 612. As shown in Figs. 1 1 and 12, the filter portions 612 is a recess formed on the 
supply plate 600, which recess is provided with a plurality of filter holes 613 formed trough 
the bottom thereof. The filter holes 613 remove foreign matter from the ink passing through 
the filter portion 612. 

[0077] Referring back to Figs. 3 and 10, the supply plate 600 is further provided 
with ten small size ink supply openings 601 formed through the supply plate 600 at positions 
outside the substantially trapezoidal areas 610. The ink supply openings 601 are formed so as 
to face and thereby establish fluid communication with respective ones of the ink supply 
portions 515 of the third manifold plate 500 when the supply plate 600 is laid on top of the 
third manifold plate 500. 

[0078] Fig. 13 is a top view of the ink supply opening 601 . As shown in Fig. 13, the 
ink supply opening 601 is formed with a plurality of filter holes 602 that prevent foreign 
matter (e.g., dust) within the ink from being introduced into the manifold channels 20. 

[0079] Referring back to Fig. 3, the aperture plate 700 has four substantially 
trapezoidal areas 710 defined thereon. As shown in Fig. 14, which shows a top view of a part 
of the aperture plate 700, each trapezoidal area 710 is provided with a plurality of fine 
diameter through holes 711 and a plurality of restriction portions 712. The through holes 711 
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are formed so as to face and thereby establish fluid communication with the respective 
through holes 61 1 of the supply plate 600 when the aperture plate 700 is laid on top of the 
supply plate 600 (see Fig. 28). 

[0080] Fig. 15 is a top view of the restriction portion 712. The restriction portion 
712 is a through hole formed in the aperture plate 700 by press work. The restriction portion 
712 has an inlet portion 713, an outlet portion 714, and a channel portion 715 extending 
between the inlet and outlet portions 713 and 714 to bring them in fluid communication with 
each other. 

[0081] The restriction portions 712 are located so that the inlet portions 713 
generally face and thereby establish fluid communication with respective filter portions 612 
of the supply plate 600 as the aperture plate 700 is laid on the top of the supply plate 600 (see 
Fig. 28). 

[0082] Referring back to Fig. 3 and 14, the aperture plate 700 is further provided 
with ten small size ink supply openings 701 formed therethrough at positions outside the four 
substantially trapezoidal areas 710. The ink supply openings 701 are formed so as to face and 
thereby establish fluid communication with respective ink supply openings 601 of the supply 
plate 600 as the aperture plate 700 is laid on top of the supply plate 600 (see Fig. 28). 

[0083] Referring back to Fig. 3, the base plate 800 has four substantially trapezoidal 
areas 810 defined thereon. As shown in Fig. 16, which shows a top view of a part of the base 
plate 800, each trapezoidal area 810 is provided with a plurality of fine diameter through 
holes 811 and a plurality of fine diameter through holes 812, both of which serve as ink 
channels. The through holes 81 1 are formed so as to face and thereby establish fluid 
communication with the through holes 711 of the aperture plate 700 when the base plate 800 
is laid on top of the aperture plate 700 (see Fig. 28). The through holes 812 are formed so as 
to generally face and thereby establish fluid communication with the restriction portions 712 
of the aperture plate 700 when the base plate 800 is laid on top of the aperture plate 700 (see 
Fig. 28). 

[0084] The base plate 800 is further provided with ten small size ink supply opening 
801 formed therethrough at positions outside the four substantially trapezoidal areas 810. The 
ink supply openings 801 are formed so as to face and thereby establish fluid communication 
with the ink supply openings 701 of the aperture plate 700 as the base plate 800 is laid on top 
of the aperture plate 700 (see Fig. 28). 
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[0085] Referring back to Fig. 3, the cavity plate 900 also has four substantially 
trapezoidal areas 910 defined thereon. As shown in Fig. 17, which shows a top view of a part 
of the cavity plate 900, the cavity plate 900 is provided with a matrix of a plurality of 
substantially rhombus openings, or ink chambers 911, that are formed through the cavity plate 

900 at density corresponding to the printing resolution required for the inkjet head 1. 

[0086] Each ink chamber 91 1 has a pair of acute angle corners and a pair of obtuse 
angle corners. The ink chambers 91 1 are arranged such that the acute angle comers of each 
ink chamber 911 are placed between acute angle corners of adjacent ink chambers 91 1, so 
that the ink chambers can be arranged at high density. 

[0087] The ink chambers 91 1 are arranged such that one of the acute angle comers 
of each ink chamber 911 faces and establishes fluid communication with one of the through 
holes 811 of the base plate 800, while the other one of the acute angle corners faces and 
establishes fluid communication with one of the through holes 812 of the base plate 800, 
when the cavity plate 900 is laid on top of the base plate 800 (see Fig. 28). 

[0088] The cavity plate 900 is also provided with ten small size ink supply openings 

901 which are formed at positions outside the substantially trapezoidal area 910. The ink 
supply openings 901 are formed so as to face and establish fluid communication with 
respective ink supply openings 801 of the base plate 800 as the cavity plate 900 is laid on top 
of the base plate 800 (Fig. 28). 

[0089] It should be also noted that positioning holes 903 are formed in a vicinity of 
each oblique side of each areas 910. These positioning holes assist in positioning of the 
piezoelectric sheets 10 on the cavity plate 900. 

[0090] Next, the general structure of the piezoelectric sheet 10 and the FPC board 
50 as well as the electrical connection therebetween will be described. 

[0091] First, the general structure of the piezoelectric sheet 10 will be described. 
Fig. 18 shows a top view of the piezoelectric sheet 10. The piezoelectric sheet 10 is provided 
with a plurality of substantially rhombus driving electrodes 1 1 that are arranged on the 
piezoelectric sheet in matrix at density corresponding to the printing resolution required for 
the inkjet head 1 . The driving electrodes 1 1 are formed at positions corresponding to 
respective ones of the ink chambers 91 1 of the cavity plate 900. Thus, the driving electrodes 
1 1 are located above respective ink chambers 911 when the piezoelectric sheet 10 is laid on 
top of the cavity plate 900 to close the upper side of each ink chamber 911. 
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[0092] Fig. 19 shows a top view of the driving electrode 11, and Fig. 20 shows a 
sectional view of a part of the piezoelectric sheet 10 taken along the line A-A in Fig. 19. 

[0093] As shown in Fig. 19, the substantially rhombus driving electrode 1 1 is 
provided with rounded corners. However, this is not essential for the shape of the driving 
electrode 1 1 and the driving electrode 1 1 may be also provided with sharp corners. A contact 
land 14 extends from one of the acute angle corners of the driving electrode 1 1 so as to be 
located in a vicinity of the driving electrode 11. The contact land portion 14 is formed in two- 
tier structure having a first level portion 12, formed higher than the driving electrode 11, and 
a second level portion 13 higher than the first level portion 12. The first level portion 12 is 
formed between the second level portion 13 and the driving electrode 1 1. It should be noted 
that the second level portion 13 is to be connected to the FPC board 50 by means of solder for 
power supply. The contact land portion 14 is formed so as to be located outside an area 
defined as directly above the corresponding ink chamber 91 1, as will be described later in 
connection with Figs. 28 and 30, and such that the second level portion 13 is sufficiently 
spaced apart from the driving electrode 1 1 for preventing the solder from flowing up to the 
driving electrode 1 1 at the time of connecting the second level portion 13 to the FPC board 
50. 

[0094] As shown in Fig. 20, the piezoelectric sheet 10 has a laminated structure in 
which a first piezoelectric layer 21, second piezoelectric layer 23, third piezoelectric layer 24, 
and a fourth piezoelectric layer 26 are laminated. An inner electrode 22 is formed between the 
first piezoelectric layer 21 and the second piezoelectric layer 23, and an inner electrode 25 is 
formed between the third piezoelectric layer 24 and the fourth piezoelectric layer 26. The 
ends of the inner electrodes 22 and 25 are exposed on the oblique side surfaces of the 
piezoelectric sheet 10. Note that the various piezoelectric sheets 10 are attached on the cavity 
plate 900 so as to make contact with each other at the oblique side surfaces thereof. Thus, the 
inner electrodes 22 and 25 of the various piezoelectric sheets 10 are electrically connected to 
each other. 

[0095] Referring back to Fig. 1 8, a plurality of first common electrodes 3 1 and a 
plurality of second common electrodes 36 are alternately formed on the top face of each 
piezoelectric sheet 10 along the oblique side thereof. 

[0096] Fig. 21 shows a sectional view of the piezoelectric sheet 10 at a portion 
thereof including one of the first common electrodes 31. As shown in Fig. 21, the first 
common electrode 31 is electrically connected with the inner electrode 25 formed between 
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the third piezoelectric layer 24 and the fourth piezoelectric layer 26 via a through hole 32. 
Further, the first common electrode 31 is provided with a protrusion 33, which serves as a 
contact land. 

[0097] Fig. 22 shows a sectional view of the piezoelectric sheet 10 at a portion 
thereof including one of the second common electrodes 36. As shown in Fig. 22, the second 
common electrode 36 is electrically connected with the inner electrode 22 formed between 
the first piezoelectric layer 21 and the second piezoelectric layer 23 via a through hole 37. 
Further, the second common electrode 36 is provided with a protrusion 38, which serves as a 
contact land. 

[0098] Referring back to Fig. 18, each piezoelectric sheet 10 is provided with 
positioning marks 46 formed on the top face thereof in a vicinity of each oblique side. 
Further, each piezoelectric sheet 10 is provided with a plurality of circular dummy electrodes 
41 formed on the top face thereof The dummy electrodes 41 are arranged in a vicinity of the 
upper and lower sides, or the parallel sides, of the trapezoidal piezoelectric sheet 10 along 
imaginary lines LI and L2 that extend parallel to the upper and lower sides. 

[0099] Fig. 23 is a sectional view of the piezoelectric sheet 10 at a portion thereof 
including one of the dummy electrodes 41. As shown in Fig. 23, the dummy electrode 41 is 
not connected with either of the inner electrodes 22 or 25. 

[0100] Next, the general structure of the FPC board 50 will be described. 

[0101] Fig. 24 is a plane view of the extended portion 51 of the FPC board 50, and 
Fig. 25 is an enlarged view of a part of the extended portion 51 of the FPC board 50. 

[0102] As shown in Fig. 24, the FPC board 50 is provided with a plurality of 
contact lands 52 formed on the extended portion 51 thereof. The contact lands 52 are formed 
at positions corresponding to the second level portions 13 of the driving electrodes 1 1 of the 
piezoelectric sheet 10. Thus, when the FPC board 50 is attached on the piezoelectric sheet 10, 
the contact lands 52 come into contact with the driving electrodes 1 1 at the second level 
portions 13 thereof. Each contact land 52 is connected with a conductive pattern 53 made of 
copper foil, as shown in Fig. 25. Note that the conductive patterns 53 are omitted in Fig. 24 
for simplicity. 

[0103] As shown in Fig. 24, a plurality of contact lands 54 are formed on the 
extended portion 51 of the FPC board 50 along the tip end and both oblique sides thereof. The 
contact lands 54 arranged along the tip end of the extended portion 51 are located at positions 
corresponding to respective ones of the dummy electrodes 41 formed on the piezoelectric 
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sheet 10 along the imaginary line LI (see Fig. 18) so as to make contact therewith when the 
FPC board 50 is attached on the piezoelectric sheet 10. The contact lands 54 arranged along 
the oblique sides of the extended portion 51 of the FPC board 50 are located at positions 
corresponding to respective ones of common electrodes 31 and 36 formed alternately along 
the oblique sides of the piezoelectric sheet 10 so as to make contact therewith as the FPC 
board 50 is attached on the piezoelectric sheet 10. 

[0104] Note that, as shown in Fig. 25, each of the contact lands 54 is electrically 
connected to a conductive pattern 55 made of copper foil. 

[0105] Fig. 26 shows a sectional view of the FPC board 50 at a portion thereof 
including one of the contact lands 52. The FPC board 50 includes a base film 61 such as a 
polyimide film, the above-mentioned conductive patterns 53 formed on the base film 61, and 
a cover layer 62 extending over the base film 61 and the conductive patterns 53. The cover 
layer is provided with a plurality of holes formed therethrough at positions above end portions 
of the conductive patterns 53. The holes are filled with nickel 63 formed by plating. The 
portion of the nickel 63 protruding from the hole is covered with solder 64. The nickel 63 and 
the solder 64 constitute the contact land 52 of the FPC board 50. 

[0106] It should be noted that the contact lands 54 formed along the tip end and 
oblique sides of the extended portions 51 of the FPC board 50 and the conductive pattern 55 
connected thereto have substantially the same configuration as the contact lands 52 and the 
conductive patterns 53. 

[0107] Referring back to Fig. 24, the extended portion 5 1 of the FPC board 50 is 
provided with positioning marks 56 formed in a vicinity of each oblique side thereof to assist 
in positioning of the extended portion 51 on the piezoelectric sheet 10. That is, if the 
extended portion 51 of the FPC board 50 is placed on the piezoelectric sheet 10 such that the 
positioning marks 56 thereon are aligned with the positioning marks 46 on the piezoelectric 
sheet 10, each contact land 52 of the FPC board 50 is placed on the second level portion 13, 
or land portion 14, of the corresponding driving electrode 11 of the piezoelectric sheet 10. 
Thus, each contact land 52 (or nickel portion 63 and solder portion 64) of the FPC board 50 
can be fixed onto the corresponding driving electrode 1 1 (or the second level portion 13) of 
the piezoelectric sheet 10 by means of compression thermo, for example, so as to establish 
electrical connection therebetween, as shown in Fig. 27. 

[0108] When the contact land 52 of the FPC board 50 and the land portion 14 of the 
driving electrode 1 1 of the piezoelectric sheet 10 are connected with each other as described 
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above, the contact land 52 (the nickel portion 63 and solder portion 64) and the second level 
portion 13 of the land portion 14 are covered with non-conductive paste (N.C.P) 15. The 
N.C.P 15 melted by the heat applied to the land portion 52 partially flows onto the first level 
portion 12 of the land portion 14. The solder 64 also melts and partially flows toward the 
driving electrode 11. The first level portion 12 prevents the solder from flowing down onto 
the driving electrode 1 1 and thereby keeps the driving electrode 1 1 from being corroded by 
the solder 64. It should be noted, however, that the amount of the solder flowing toward the 
driving electrode 1 1 can vary from case to case. The N.C.P 15 is provided to reliably prevent 
the solder 64 from flowing onto the driving electrode 1 1 even if a large amount of solder 64 
flows toward the driving electrode 1 1 . Further, the N.C.P 15 also serves as an adhesive for 
enhancing the joining strength between the FPC board 50 and the piezoelectric sheet 10. 

[0109] Further, when the extended portion 5 1 of the FPC board 50 is placed on the 
piezoelectric sheet 10 such that the positioning marks 56 on the FPC board 50 are aligned 
with the positioning marks 46 on the piezoelectric sheet 10, the contact lands 54 of the FPC 
board 50 make contact with the dummy electrodes 41 of the piezoelectric sheet 10 formed 
along the imaginary line LI and also with the protrusions 33 and 38 of the common electrodes 
31 and 36 formed alternately along each oblique sides of the piezoelectric sheet 10. Thus, the 
contact lands 54 can be electrically connected with the dummy electrodes 41 and the common 
electrodes 31 and 36 by means of thermo compression, for example. 

[0110] After the FPC board 50 is connected with the piezoelectric sheet 10 as 
described above, driving voltage can be applied between the driving electrodes 1 1 and the 
inner electrodes 22 and 25 through the FPC board 50 to deform the first, second, third, and 
forth piezoelectric layers 21, 23, 24 and 26 at portions directly below each driving electrodes 
11. 

[0111] Each portion of the first piezoelectric layer 2 1 defined immediately below 
each driving electrode 1 1 serves as an active portion that bends when voltage is applied to 
corresponding driving electrode 1 1 . 

[0112] It should be noted that, since the shrinking percentage differs between the 
piezoelectric material of the first through fourth piezoelectric layers (21, 23, 24 and 26) and 
the metallic material of the inner electrodes (22, 25), the piezoelectric sheet 10 may bend or 
deform into a wavy form during the sintering process thereof. The inner electrode 25 is 
provided between the third and fourth piezoelectric layers 24 and 26 so as to serve as a 
restraint layer that prevents the first through fourth piezoelectric layers (21, 23, 24, 26) from 
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bending or deforming into a wavy form, which deteriorates the flatness of the piezoelectric 
sheet 10. Further, the second, third and fourth piezoelectric layers (23, 24, 26) serve as 
restraint layers that force the active portions of the first piezoelectric layer 21 to bend only 
downward (toward the cavity plate 900). 

[0113] Next, the flow of the ink within the inkjet head 1 configured as described 
above will be described. 

[0114] Fig. 28 is a sectional view of a part of the inkjet head 1 showing a part of an 
ink channel extending from one of the nozzles 111. Fig. 29 is a perspective view the ink 
channel shown in Fig. 28, and Fig. 30 is a plane view of the ink channel shown in Fig. 29 
observed from the nozzle side. Referring now to Figs. 3, 28, 29, and 30, the ink to be ejected 
from the inkjet head 1 is first supplied from an ink tank (not shown) into the manifold 
channels 20 through the ink supply channels each consisting of the ink supply openings 901, 
801, 801, 701 and 601 (see Fig. 3). Note that foreign matter within the supplied ink is 
prevented from entering the manifold channels 20 by the filter holes 602 as the ink flows 
through the ink supply openings 601 of the supply plate 600 (see also Fig. 13). 

[0115] Referring to Fig. 28, the side walls of the manifold channels 20 consist of the 
side walls of the openings 312 of the first manifold plate 300, the openings 412 of the second 
manifold plate 400, and the openings 512 of the third manifold plate 500. Further, the upper 
surfaces of the manifold channels 20 are defined by the supply plate 600, while the under 
surfaces are defined by the cover plate 200. 

[0116] Fig. 31 is a top view of the two of manifold channels 20 formed in the inkjet 
head 1. As shown in Fig. 31, two manifold channels 20 are formed in the inkjet head 1, one in 
the right half of the inkjet head 1, as shown in Fig. 32, and the other one in the left half of the 
inkjet head 1, as shown in Fig. 33. Each manifold channel 20 has five ink supply portions, 
each consisting of the ink supply portion 515 of the opening 512 of the third manifold plate 
500 (see Fig. 9), the ink supply portion 415 of the opening 412 of the second manifold plate 
400 (see Fig. 8), and the ink supply portion 315 of the opening 312 of the first manifold plate 
300 (see Fig. 7). 

[01 1 7] Further, in each manifold channel 20, the land portions 313,413, and 5 1 3 of 
the^first, second, and third manifold plates 300, 400, and 500 are aligned with each other, as 
shown in Figs. 32 and 33, while the connection beams 314, 414 and 514 respectively 
supporting the land portions 313,413 and 513 are located so as not to align with each other as 
shown in Fig. 34. 
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[0118] Accordingly, each manifold channel 20 has four stacks of the land portions 
(313, 413, 513) therein. In other words, closed loops are formed in the manifold channel 20, 
each surrounding one of the stacks of the land portions (313, 413, 513). Thus, the ink in the 
manifold channels 20 can flow around the stacks of the land portions (313, 413, 513). 

[0119] It should be noted that the connection beams (314, 414, 514) supporting the 
land portions (313, 414, 514) allow the ink to flow smoothly around the stacks of the land 
portions (313, 414, 514) since the connection beams (313, 414, 514) are not aligned with each 
other, as shown in Fig. 34, and also since the connection beams are formed thin by half 
etching. 

[0120] Referring back to Fig. 28, the ink flowing within the manifold channels 20 is 
next introduced into the ink chamber 91 1 of the cavity plate 900 through the filter portion 612 
of the supply plate 600, the restriction portion 712 of the aperture plate 700, and the through 
hole 812 of the base plate 800. Note that foreign matter has been removed from the ink, and 
thereby prevented from entering the pressure chamber 91 1, as the ink flows through the filter 
portion 612 by the filter holes 613 thereof (see Figs. 1 1 and 12). 

[0121] The upper side of the ink chamber 911 is closed by the piezoelectric sheet 10 
attached on the cavity plate 900. The piezoelectric sheet 10 is placed on the cavity plate 900 
such that the driving electrodes 1 1 are located directly above the respective ink chambers 911. 
The driving electrodes are formed in a size slightly smaller than the ink chambers 911. Thus, 
as shown in Fig. 30, each of the substantially rhombus driving electrodes 1 1 is located within 
a substantially rhombus area right above the corresponding ink chamber 911, if observed 
from the bottom side of the ink chamber 911. Further, as also shown in Fig. 30, the contact 
land portion 14 formed on the portion of the driving electrode 1 1 extending from one acute 
angle corner thereof is located outside the substantially rhombus area directly above the ink 
chamber 911. 

[0122] When driving voltage is applied between the driving electrode 1 1 and the 
inner electrodes 22 and 25 of the piezoelectric sheet 10, the piezoelectric sheet 10 deforms 
(bends) toward the cavity plate 900, thereby pressing the ink in the ink chamber 911. The 
pressed ink flows through the through holes (811, 711, 611, 511, 411, 311, 211) of the base 
plate 800, the aperture plate 700, the supply plate 600, the third manifold plate 500, the 
second manifold plate 400, the first manifold 300, and the cover plate 200, and is ejected 
from the nozzle 111 of the nozzle plate 100. 
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[0123] It should be noted that, as shown in Figs. 32 and 33, one of the manifold 
channels 20 is formed in the right half of the inkjet head 1 in the width direction, while the 
other manifold channel 20 is formed in the left half The manifold channel 20 in the right half 
of the inkjet head 1 is in fluid communication with all of the ink chambers 911 formed on the 
right half of the cavity plate 900 through the through holes 612 formed on the right half of the 
supply plate 600. Further, the manifold channel 20 in the left half of the inkjet head 1 is in 
fluid communication with all of the ink chambers 911 formed on the left half of the cavity 
plate 900 through the through holes 612 formed on the left half of the supply plate 600. 
Accordingly, the ink supplied into the manifold channels 20 is distributed to all ink chambers 
91 1 so that the ink can be ejected from any of the nozzles 111. 

[0124] As described hereinabove, in the inkjet head 1 according to the embodiment 
of the invention, the contact lands 52 of the FPC board 50 are electrically connected with the 
land portions 14 of the driving electrodes 1 1 of the piezoelectric sheet 10 (see Fig. 27). The 
FPC board 50 provides power from external equipment to the driving electrodes 1 1 so that 
the piezoelectric sheet 10 applies pressure to the ink in the ink chambers 911 defined in the 
cavity plate 900 right below the driving electrodes 1 1 (see Fig. 28). 

[0125] The ink chambers 91 1 are arranged in matrix, as shown in Fig. 17, to achieve 
a high density arrangement thereof. Thus, the driving electrodes 11, which are formed right 
above the respective ones of the ink chambers 91 1, are also arranged in a matrix as shown in 
Fig. 18. As shown in Figs. 18 and 19, the land portion 14 of each driving electrode 1 1 is 
formed in the vicinity of the driving electrode 11, and is located between the adjacent other 
driving electrodes 1 1. As a result, the land portions 14 of the driving electrodes are also 
arranged in matrix. It should be noted that the land portions 14 arranged in a matrix, as 
described above, do not prevent the driving electrodes 11, and hence the ink chambers 911, 
from being arranged at high density. 

[0126] The contact lands 52 of the FPC board 50 are also arranged in matrix and 
located at positions corresponding to respective ones of the land portions 14 of the 
piezoelectric sheet 10. Thus, the contact lands 52 of the FPC board 50 can be electrically 
connected with the land portions 14 of the piezoelectric sheet 10 although the land portions 
14 of the piezoelectric sheet 10 are located in the vicinity of the driving electrodes 1 1 that are 
arranged in matrix of high density. 

[0127] It should be noted that each lands portion 14 of the piezoelectric sheet 10 is a 
protrusion including the first level portion 12, which is higher than the driving electrode 11, 
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and the second level portion 13 that is still higher than the first level portion 12 (see Fig. 20). 
Thus, when the FPC board 50 is connected with the piezoelectric sheet 10 at the contact lands 
52 and the land portions 14, a clearance is created between the FPC board 50 and the 
piezoelectric sheet 10 that prevents the FPC board 50 from coming into contact with the 
driving electrodes 1 1 (see Fig. 27) and applying unintentional force thereon. 

[0128] It should be also noted that the land portions 14 of the piezoelectric sheet 10, 
which are small protrusions, reduce the contact area between the FPC board 50 and the 
piezoelectric sheet 10. Thus, the FPC board 50 can be easily connected to the piezoelectric 
sheet 10 by means of thermo compression, for example, since large pressure can be generated 
between the land portions 14 and the contact lands 52 by slightly pressing the FPC board 50 
against the piezoelectric sheet 10. 

[0129] While the invention has been described in detail with reference to specific 
embodiments thereof, it would be apparent to those skilled in the art that various changes and 
modifications may be made therein without departing from the spirit of the invention, the 
scope of which is defined by the attached claims. 

[0130] For example, each lands portion 14 of the driving electrode 1 1 may be 
formed into three-tiers instead of into two-tires having first and second level portions 12 and 
13 as shown in Fig. 20. 



